Background: Primary breast lymphoma (PBL) of low-grade histology is a rare disease. This multicentric retrospective study was carried out to determine clinical features, prognosis and relapse. Results: We collected data on 60 cases of PBL [36 follicular and 24 marginal-zone lymphoma (MZL)]. Stage was I E or II E in 57 patients and IVE in three patients due to bilateral breast involvement. Surgery, chemotherapy and radiotherapy (RT), alone or in combination, were used as first-line treatments in 67%, 42% and 52% of patients, respectively. Overall response rate was 98%, with a 93% complete response rate. Five-year PFS were 56% for MZL and 49% for follicular PBL (P = 0.62). Relapses were mostly in distant sites (18 of 23 cases); no patients relapsed within RT fields.
introduction
Primary breast lymphoma (PBL) is a clinicopathological entity that represents 1% of all non-Hodgkin's lymphomas (NHL) [1] and <0.5% of all breast malignancies [2] . PBL typically affects an elderly population, but may rarely occur in younger women, at times associated with pregnancy or lactation; men are very rarely affected. The large majority of cases of PBL are represented by diffuse large B-cell lymphoma (DLBCL), with the remainder comprising follicular lymphoma and marginalzone lymphoma (MZL) subtypes [3] . Primary breast localisation represents a small proportion of extranodal lymphomas (<5%) in both follicular lymphoma and MZL subgroups [4] . Although it has been hypothesised that DLBCL PBL could originate from germinal centre-related B-cells [5] , there is even less known about the pathogenesis of histologically 'low-grade' PBL. Surgery, radiotherapy (RT), chemotherapy (CT) and more recently immunotherapy have been reported as treatment modalities for PBL either as monotherapy or in combination. Due to the small number of publications investigating PBL, there is limited information about this disease. Moreover, almost all papers are focused on DLBCL, thus information regarding follicular lymphoma and MZL subtypes are scarce [6] [7] [8] [9] [10] [11] [12] [13] . A pathophysiologic role of chronic infections has been identified in some extranodal NHL such as gastric (Helicobacter pylori), ocular adnexal (Clamydia psittaci) and skin (Borrelia burgdorferi) MZL [14] , but such correlations have not been reported in the literature regarding PBL.
The International Extranodal Lymphoma Study Group (IELSG) has conducted a large multicentre retrospective study of PBL of all histological subtypes in order to review its clinical characteristics, natural history and prognosis. We present here the results of the analysis of patients with histologically proven diagnosis of follicular or MZL PBL.
materials and methods trial overview and data collection
Data on all cases of PBL diagnosed at each participating institute from January 1980 to December 2003 were retrospectively collected. Inclusion criteria for the study were as follows: histologically proven NHL with primary localisation of one or both breasts, with or without regional lymph node involvement. Patients with disseminated lymphoma with breast involvement or breast presentation of recurrent/progressive lymphoma were excluded. All histological subtypes were eligible. Patients were staged according to the Ann Arbor classification [15] ; the staging of extranodal NHL involving bilateral paired organs remains contentious, but for this study patients with bilateral breast disease were considered stage IV. Protocol and case report forms (CRFs) were approved by the local institutional review boards or ethics committees of each participating institution. CRFs were designed to collect data on patient and tumour characteristics, diagnostic test results, potential prognostic factors, treatment approaches, response and survival. We also evaluated the International Prognostic Index (IPI) in all patients [16] and the Follicular Lymphoma International Prognostic Index (FLIPI) in patients with follicular PBL [17] . Data for each patient were collected by local investigators and CRFs were then sent to IELSG headquarters and analysed centrally.
definition of study outcomes
Tumour response was assessed after the completion of planned treatment according to the published response criteria [18] . Progression-free survival (PFS) was calculated as the interval between start of treatment and progression of disease, death or last known follow-up; overall survival (OS) was defined as the period between the start of treatment and death from any cause or last known follow-up; cause-specific survival (CSS) was defined as the period between the start of treatment and death from disease or treatment complications.
pathology review
Various histological classifications were in use throughout the study period, and patients classified according to Kiel, Working Formulation, Revised European-American Lymphoma or World Health Organisation (WHO) were all eligible. All cases were locally reviewed, and this report is limited to the 60 patients with their histology reclassified as either follicular lymphoma or MZL according to WHO criteria [19] .
statistical analysis
Baseline characteristics were summarised as a table of frequencies for categorical variables and as mean and standard deviation, median and range for continuous variables. The distribution of these characteristics among patients with histologically different lymphomas (follicular lymphoma versus MZL) was compared by the Pearson's chi-square test for categorical variables and either t-test or Mann-Whitney-Wilcoxon test (depending on whether the variable was normally distributed or not) for continuous variables. Unadjusted time-to-event data distributions (PFS and OS) were estimated by the Kaplan-Meier method [20] ; the comparison between histologically different lymphomas was carried out by the log-rank test [21] . The univariate Cox models [22] were used to detect and quantify prognostic factors with potentially different roles between the histological subtypes. Due to the small number of events within the subpopulations delineated by the subtypes, a multivariate analysis was not statistically valid. The analyses were carried out using SAS statistical software (SAS Institute, Cary, NC).
results

patients
This IELSG study enrolled a total of 278 patients with PBL: 204 of them had DLBCL (73%) and were separately analysed and have been previously reported [23] . A total of 60 patients with PBL, 36 with follicular lymphoma and 24 with MZL were considered and analysed further for this report (Table 1) .
Fifty-nine patients were female and only one was male. The median age was 65 years (range 32-92), 51 patients were postmenopausal (85%) and 36 patients aged ‡60 years (60%). No patient was pregnant or lactating at diagnosis. Eastern Cooperative Oncology Group performance status at diagnosis was zero to one in 51 patients (85%). Only two patients (3%) presented with B-symptoms. Forty-three patients were in stage I E (72%), 14 patients (23%) were in stage II E , 11 due to axillary and three due to supraclavicular nodal involvement, and three patients were in stage IV E (5%) due to bilateral breast disease. IPI was evaluated in 36 patients, and it was low (0-1) in 32 patients (89%). FLIPI score was evaluated in 27 of 36 patients with follicular lymphoma: 24 presented with a low score and three an intermediate score. There were no statistically significant differences between baseline characteristics in patients with MZL and follicular PBL.
diagnosis
Both invasive and noninvasive procedures were carried out as a part of the diagnostic work-up of the patients (Table 2) . Fortysix patients underwent a noninvasive diagnostic procedure, such as mammography and/or ultrasound, which confirmed the presence of pathological lesion in 43 patients (93%). An invasive procedure was carried out in all 60 patients, aimed at obtaining a histological diagnosis. Thirty-six patients underwent a fineneedle aspiration (FNA) for cytology, which was positive in 35 (97%). A surgical biopsy was carried out in 59 patients, and it was diagnostic in 53 (90%). Overall, FNA and/or surgical biopsy led to a histological diagnosis in 57 of 60 patients (95%). The remaining three patients required more invasive diagnostic surgery: mastectomy and lymph nodal dissection in one patient and lumpectomy in the other two patients.
treatment
As patients were identified retrospectively from various institutions, there was no uniform treatment policy, and management was determined by the individual managing clinicians. RT, CT and surgery were used alone or in combination (Table 3) . Forty patients (67%) were managed with initial surgery: a breast-conserving resection was carried out in 31 patients; the remaining nine underwent a mastectomy. Surgery was used alone in 11 patients, while the other 29 patients received an additional treatment modality: six with CT, 15 with RT and eight patients received both CT and RT. Twenty patients (34%) did not undergo a surgical procedure: seven of them received CT alone, nine patients underwent RT alone and four patients received both CT and RT. Overall, CT was administered in 25 patients with different schedules. Fifteen patients received an anthracycline-or anthracenedione-based regimen, such as combination chemotherapy with cyclophosphamide, doxorubicin, vincristine and prednisone (CHOP) or cyclophosphamide, mitoxantrone, vincristine, prednisone, the others alkylating agent-based CT (e.g. chlorambucil or cyclophosphamide, vincristine, prednisone). No patients received immunotherapy with rituximab or intrathecal prophylaxis.
RT was administered to breast fields in 36 patients (dose range 25-50 Gy, median 38 Gy) and nodal fields (axilla and supraclavicular) were irradiated in 18 patients (dose range 30-46 Gy, median 36 Gy). While RT was used alone in nine patients (15%), it was used in association with other therapies in 27 cases (45%).
Local treatments (e.g. surgery and/or RT) were similarly distributed between MZL and follicular PBL, as well as the extent of surgery (i.e. mastectomy). Conversely, systemic CT was administered in 19 of 36 patients (53%) with follicular PBL and in 6 of 24 (25%) with MZL PBL (P = 0.03).
response and survival
Considering all first-line treatment combinations, the overall response rate (ORR) was 98% (100% for MZL and 97% for follicular PBL): 56 patients (93%) obtained a complete remission (CR) and three patients (5%) a partial response. Only one patient with a follicular PBL did not respond to treatment and had initially stable disease; after 8 years he died from progressive lymphoma. Fourteen patients with follicular PBL (39%) relapsed after a median interval of 26 months (range 1.2-85 months). Nine patients with a MZL PBL (37%) relapsed after a median interval of 12 months (range 4-102 months). No patients who received RT in first-line treatment (eight with follicular and eight with MZL PBL) relapsed in the irradiated fields. Of the 23 relapses, three were locoregional, while the remaining were in contralateral breast (two patients) and in distant sites (18 patients). Considering the three local relapses, two of them had been treated with systemic CT, whereas the third patients received combined surgery and chemoradiotherapy: this patient relapsed outside the irradiated field (ipsilateral axillary nodes). Relapse rate was also evaluated in order to investigate the role of an additional treatment (CT and/or RT) after surgery; results are reported in Table 4 .
PFS for MZL and follicular PBL was 72% and 63% at 3 years, 56% and 49% at 5 years and 34% and 28% at 10 years, respectively (log-rank test: P = 0.55). The median PFS was 7.3 years in MZL and 3.9 years in follicular PBL (Figure 1) . No difference in terms of PFS was detected between the patients who received a CHOP-like and those treated with alkylating agent-based CT.
After a median follow-up time of 44 months (range 5-156 months), 17 patients died; 14 with follicular lymphoma and three with MZL. OS for MZL and follicular PBL was 100% and 75% at 3 years, 92% and 64% at 5 years and 64% and 47% at 10 years, respectively (log-rank test: P = 0.04). The median OS was 8.1 years in follicular PBL and was not reached in MZL PBL (Figure 2 ). Univariate analyses of potential prognostic factors for PFS and OS were carried out, and the results are summarised in Table 5 . Only impaired PS was shown to have an impact on OS in follicular PBL, but the analysis was greatly limited by the small sample size.
Nine patients died from disease: eight of them (89%) had follicular lymphomas. The CSS for MZL and follicular PBL was 100% and 84% at 3 years, 100% and 79% at 5 years and 80% and 66% at 10 years, respectively (log-rank test: P = 0.05; Figure 3 ).
Three patients developed a second malignancy, but only a case of acute myeloid leukaemia developing 27 months after CHOP CT could be considered as potentially treatment related. The other two patients developed a lung carcinoma and original article Annals of Oncology a cholangiocarcinoma: these patients were treated for PBL with surgery alone and a combination of surgery and breast RT, respectively.
discussion
We present the results of the largest study ever conducted on histologically low-grade PBL. We collected information on many aspects of this disease, including clinical characteristics, treatment and outcomes. Despite the large number of patients, this study still has some weaknesses typical of multicentric retrospective analysis, including different national regulations concerning shipment of histological specimens, which prevented the performance of central histology review.
As shown by a large investigation recently published by IELSG [23] , DLBCL is the most frequent histology among patients with PBL. Low-grade histological subtypes are a minority, comprising 14% for follicular lymphomas and 9% for MZL. This is a lower proportion than suggested by prior literature on PBL [6] [7] [8] [9] [10] [11] [12] [13] and considering the more frequent presentation of MZL as primary extranodal lymphomas. Clinical characteristics were similar in the two histological groups, except that patients with follicular PBL had a lower median age than those with MZL lymphoma (62 versus 68 years, respectively), and the median lesion diameter was smaller in follicular lymphoma than in MZL (2.0 versus 2.8 cm, respectively), but these differences were not statistically significant. Bilateral synchronous PBL was uncommon, MZL, marginal-zone lymphoma; PBL, primary breast lymphoma; PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval.
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occurring in only 5% of patients, less than previously reported in literature [24] . Our data showed a similar sensitivity of radiological imaging, such as mammography or ultrasound, as reported in literature [24] . Being a retrospective study, there was a large variability in the treatment. Surgery, RT and CT were used alone or in combination, leading to a 98% of ORR with a 93% of CR. About two-thirds of the patients underwent further surgery after the diagnostic procedure; this wide use of surgery may be explained with the need to confirm the diagnosis of PBL after FNA cytology and the insensitivity of radiological imaging in obtaining a histological definition, not only among NHL subtypes but also with breast cancer. However, a total mastectomy was carried out in only nine cases, and the majority of patients underwent less extensive surgery such as lumpectomy or quadrantectomy. We did not observe any advantage in terms of PFS and OS in those patients who underwent mastectomy, shown in a large study conducted on both low-and high-grade PBL [25] . We also observed a higher risk of relapse in those patients who were treated with surgery only.
The majority of patients received RT as part of the initial treatment, which was usually delivered after surgery or biopsy. The majority of the relapses occurred in distant sites, with only 21% of the recurrences arising in the primary disease sites (13%) or in the contralateral breast (8%).
Because of the relatively small number of patients and the many possible combinations, it is impossible to evaluate the independent contribution of CT. The majority of patients who received CT had follicular PBL. This is an atypical treatment strategy for localised follicular NHL, considering that they were mostly in stage I and were already treated with surgery or RT or both, although there are some data supporting such a combined chemoradiation approach in limited stage nodal follicular NHL [26] . In patients with follicular PBL, the addition of CT to surgery seemed to reduce the relapse rate, although not statistically significant, probably because of the small sample size. The retrospective nature of this study could not resolve the question of whether a systemic treatment provided additional benefit after surgery. Indeed, our data seem to indicate a possible benefit in those patients with follicular PBL who received an adjuvant treatment. However, the real utility of CT following definitive local therapy with RT in earlystage follicular lymphoma and marginal-zone NHL remains unproven.
No patients who received RT presented a relapse within the irradiated fields, confirming the role of this modality treatment to prevent local recurrence. Based on that, we recommend the use of RT to the involved sites to prevent locoregional recurrence. Concerning the possible role of RT to the contralateral breast to reduce the risk of relapse, we do not recommend its routine use because of the relative low incidence of relapse observed in the contralateral breast (8%).
As may have been expected, OS and PFS were better in marginal-zone PBL than in follicular PBL, although the differences were not statistically significant. In particular, 10-year OS and PFS for follicular PBL were, respectively, 47% and 28%, lower than observed in limited-stage nodal follicular lymphomas, that are characterised by a far better prognosis, even after a 'watch-and-wait' approach [27] , suggesting that breast localisation of follicular NHL may be an adverse prognostic factor. The longer CSS observed in follicular PBL could be related to the advanced age of the patients and the associated risks of unrelated deaths.
Different clinical behaviour of lymphomas originating in different sites is accepted, even where histological appearances are similar, such as cutaneous and central nervous system DLBCL compared with the nodal counterpart. Patients with marginal-zone PBL have a similar outcome compared with patients with other primary extranodal MZL, such as gastric MZL after eradication therapy. Similarly, up to 50% of relapses occur within the first 5 years of follow-up; however, most relapses are again responsive to treatments, not immediately affecting OS.
In our study, no patients received immunotherapy with rituximab as part of their treatment. We could reasonably hypothesise that rituximab could be effective and could improve the outcome in these CD20-positive lymphomas, as already demonstrated in nodal follicular lymphomas [28] and in extranodal MZL [29] .
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